The dual pathway model proposes the existence of separate and neurobiologicaily distinct cognitive (inhibitory and more general executive dysfunction) and motivational (delay aversion) developmental routes to AD/HD. The study reported in this paper explores the relation between inhibitory deficits and delay aversion and their association with AD/HD in a group of three-year-old children. Children identified as having a pre-school equivalent of AD/HD (N=I9) and controls (N=I9), matched for gender and IQ, completed a battery of inhibition and delay tasks. Correlational and factor analysis supported a dissociation between inhibitory deficits (go-no-go, set shifting) and delay aversion (choice delay) with delay of gratification cross-loading. Children with AD/HD displayed more inhibitory deficits and were more delay averse than controls. The data support the value of the distinction between motivational and cognitive pathways to AD/HD. Furthermore, the data suggest that such a distinction is apparent relatively early on during development.
INTRODUCTION
Neurocognitive accounts typically portray attention deficit/hyperactivity disorder (AD/HD) as a fronto-neostriatal disorder (Casey et al., 2002; Giedd et al., 2001 ) associated with deficient impulse control and executive functions (for example, Barkley, 1997; Barnett et al., 2001; Bayliss & Roodenrys, 2000) . Although this definition represents the majority view among researchers, alternative accounts of the condition have been proposed (Castellanos & Tannock, 2002; SonugaBarke, 2002) . For example, one motivationally based account presents AD/HD as the result of hypersensitivity to reward-related delay (Sagvolden et al., 1998) , underpinned by alterations within fronto-accumbal reward circuits (for example, Cardinal et al., 2001 ; Robbins & Everitt, 1996) . Evidence for this model comes primarily from choice studies where children with AD/HD display a greater sensitivity to delay than their peers, choosing smaller sooner (SS) over larger later (LL) rewards (Kuntsi et al., 2001; Schweitzer & Sulzer-Azaroff, 1995; Solanto et al., 2001; Tripp & Alsop, 2001) . This tendency appears most pronounced when the SS choices reduce overall delay rather than only increasing reward immediacy. As a result, children with AD/HD have been described as 'delay averse' rather than 'impulsive' (Sonuga-Barke, 1994; Sonuga-Barke et al., 1992) . Sonuga-Barke (2002; 2003) recently proposed a reconciliation of these two accounts in which (C) (Connor, 2002) . Even when diagnosed after school-entry, AD/HD typically has an early onset (often by 3 years) associated with significant impairment . There are strong continuities from this period to school in symptom structure, expression, and associated psychological and family disturbance (Barkley et al., 2002; Lahey et al., 1998; (1997) demonstrated an association with working memory, others found that this association disappears once such factors as IQ and conduct problems are controlled (Hughes et al., 2000; .
No study has yet been made of delay aversion and AD/HD in the pre-sehool period. Delay-ofgratification tasks differentiate between hyperactive and non-hyperactive preschoolers (Campbell et al., 1982) . These tasks, however, have a large inhibitory component (Reynolds et al., 2002 ). In the current study, a Choice Delay Task (Solanto et al., 2001) (Goodman, 1997) and the Behavior Checklist (Gardner et al., 1999) .
The children were classified as having AD/HD if they met standard cut-offs (a score of 18 or more). This diagnostic criterion was stringent and equivalent to those required for a diagnosis of combined type AD/HD using the DSM-IV criteria in terms of symptom profile (inattention, impulsiveness, and overactivity), severity (scoring above the 95th percentile), pervasiveness (at home, with friends etc.), and duration (previous 6 months). There was a significant effect of condition, F__(1,36) 13.95; p < 0.01, with more LL chosen in the PRD. There was an effect of group, F(1,36) 7.20; p < 0.01" Controls chose more LL than did children with AD/HD. Finally there was an interaction between group and condition, F(1,36) 4.82; p < 0.05 (Figure 1 ). AD/HD children chose more SS under NPRD, t(36) 3.87; p < 0.01, but not PRD, t(36) 0.52; ns. More SS were chosen under N-PRD by AD/HD, t(36) 3.70; p < 0.01, but not control children, t_(36) 1.29; ns. This interaction between condition and group remained significant after gender and the presence of conduct problems were controlled for, F(1,34) 4.16; p < 0.05. There was no effect of block, block did not interact with condition and there was no three-way interactions between block, condition and group, F__s(1,36) < 0.71. In order to facilitate tests of associations with other task measures an index of delay aversion (IDA), the tendency to reduce trial length by choosing SS under the N-PRD condition but not under the PRD condition, was created using the formula: LL PRD-LL N-PRD.
The association between inhibitory control and delay aversion. Table 2 shows the pattern of correlations between the IDA and performance on the three other tasks. There was no correlation between the IDA and either go-no-go inhibition and set shifting. These two measures of inhibition were correlated to each other. Scores on the delay of gratification task were correlated with both gono-go inhibition and IDA. The IQ was correlated with go-no-go inhibition and set shifting. Neither age nor conduct problems was associated with task performance. In order to test for the distinction between inhibitory deficits and delay aversion, we submitted the three test scores and the IDA to a principle components factor analysis using a varimax solution giving orthogonal factors. Two factors with eigen values greater than were extracted. The first factor accounted for 44 percent of the overall variance and was labeled 'inhibitory deficit' (loadings-go-no-go inhibition, .78; set shitting, .76; delay of gratification, .61; IDA, -.04).
The second factor accounted for 26 percent of the variance and was labeled 'delay aversion' (loadings go-no-go inhibition, -.11; set shifting, .08; delay of gratification,-.56; IDA, .93).
Group differences in delay aversion/inhibitory deficits. Table 3 shows the mean test and factor scores for children in the AD/HD and control groups. Scores were submitted to a one-way multivariate analysis of variance (MANOVA) with group as the between subject factor. There was a significant overall multivariate effect, F__(1,33)= 11.34; p < 0.001 of group. Significant univariate effects were seen for go-no-go inhibition, delay of gratification and the IDA. The effect of group on set shifting approached significance. AD/HD children waited less often on the delay of gratification task, made fewer inhibitory responses on the go-no-go task, and had higher scores on the IDA. This association (motivational, cognitive, or mixed) at the level of the individual child. It will be important to replicate and extend the current findings in a larger sample. Ascertainment for the study was based on a community-based procedure that used only one of a number of possible approaches for the identification of pre-school AD/HD. It will be important to see if the same pattern of results is seen in samples ascertained using other approaches, including DSM-IV referenced approaches.
